The basic characteristics of pneumatic cylinder drives are remarkably low natural frequency and fairly low damping. The main purpose when designing a controller for a demanding servo application is to find out a good and practical method to increase system damping. One of the most effective ways to increase the damping of a cylinder drive is to use a suitable controller. The most common and successful controller is so-called State controller. A state controller has three cascade loops. The total gain of each loop contains also the flow gain of a servo valve. Typical supply pressure in an industrial application is about 7 bar (abs.). Since the tuning of a demanding position servo is often quite critical, the fluctuating of the supply pressure might influence the performance of the system. This paper deals with the influence of the supply pressure on the positioning accuracy and the dynamic behaviour of a pneumatic position servo system. The influence of the size of normal pressure reducing valve (a pressure control valve) on the performance of a position servo system is studied and experimental results are presented. Also the effect of the amount of extra volume between the pressure control valve/filter and the servo valve is studied and experimental results are shown. 
INTRODUCTION
The linear model of a cylinder drive, very commonly known in hydraulics, has been successfully used when designing the pneumatic position servo systems [1] , [2] . The model has three parameters that depend on the specification of the applications. The parameters are the natural frequency, the natural damping and the velocity gain. The third order linear model between the piston position and the valve control signal, as well as the parameters of the model are shown in Eq. (1) (t)
The natural frequency, the natural damping and also the velocity gain can be presented in a certain application with a certain cylinder, valve and load as shown in Eq.(2), Eq. (3) and Eq. (4) (2)
According to Eq.(2) the natural frequency of the linear model decreases when the supply pressure decreases. The influence of the supply pressure on the natural damping factor depends on the parameters of the damping, Eq.(3). The velocity gain decreases when the supply pressure decreases, because the volume flow of the valve decreases as a function of the supply pressure. If the supply pressure decreases 20%, the natural frequency decreases 10% and the velocity gain decreases about 10%, respectively. A state controller is often used in pneumatic position servos. Tuning of the state controller's three gains is based on the specifications of an application. The velocity and acceleration feedback gain effect the actual frequency and damping of a system as can be seen in Eq.(5) and Eq.(6).
(s)
The supply pressure causes quite strong actual changes to the effective natural frequency and damping shown in Eq. (5) and Eq.(6) and also to the performance of the position servo system. Very little has been said about the selection of the pressure regulator valve when it comes to demanding applications [3] .
The specifications of the position servo system used in experimental study are:
Three different stroke lengths (100, 200 and 600 mm) were used. A quite high pressure volume was used in the supply line, as a nominal supply system, just before the servo valve. A constant supply pressure could be achieved with this high volume. The second supply line set-up consisted only of a pressure regulator valve and a filter. They were connected to the servo valve with a short pipe. The third supply pressure line set-up consisted of a pressure regulator valve, a filter and an extra volume. In this case the essential extra volume size was studied. The position servo system was tuned according to the nominal (constant) supply pressure in order to fulfill the following requirements:
THE EXPERIENCES WITH THE NOMINAL SYSTEM
The volume used in the supply pressure line was quite high, 200 litre. The actual supply pressure in the main line was 0.7 MPa (gauge pressure). The pressure regulator valve kept the pressure of the volume in 0.63 MPa. The pipes between the servo valve and the cylinder were short. The position error responses of all studied stroke lengths in Figure 1 indicate a good dynamic behaviour without any remarkable over or under shoots. The better and more accurate picture of the dynamic behaviour and accuracy The position error responses have remarkably big over shoots (2...9 mm). The settling times are also very long, more than 0.5 s. The settling time for some responses might have more than 1 s. The zoomed position error responses of five 600 mm strokes are shown in Figure 9 . Figure 9 The zoomed position error responses of five 600 mm strokes.
The dynamic behaviour of these long strokes is very good.
Most of them fulfil all the accuracy requirement. However, some responses have problems to fulfil the position accuracy requirement within a reasonable time. The settling time is typically less than 0.7 s, but for some response it might be more than 1 s.
The behaviour of the supply pressure during the 600 mm stroke is shown in Figure 10 . •ã The 0.4 m stroke of the piston effects the volume change of 0.0012 m3 in the cylinder.
•ã The pressure in the cylinder chamber is 0.4 MPa.
•ã The pressure drop of the 0.03 MPa in the supply pressure is allowed.
• Figure  11 . The zoomed position error responses of five 600 mm strokes are shown in Figure 13 .
The dynamic behaviour of these long strokes is quite good.
Most of them fulfil also the accuracy requirement. However, some responses have problems to fulfil the position accuracy requirement within a reasonable time. The behaviour of the supply pressure during 600 mm stroke is shown in Figure  14 . The supply pressure Figure 14 The supply pressure of the 600 mm stroke decreases temporally almost 1 bar during 600 mm stroke.
The results in Figures 11...14 indicate clearly that the extra volume that was used was still too low. However, the used extra volume improved the dynamic behaviour of all responses. The most serious drawback in the cases that are shown in Figures  11, 12 and 13 is that the position accuracy does not always fulfil the requirements.
SUMMARY
The maximum velocity and the position accuracy in this studied case were demanding. The controller, in this case the state controller, has to be designed very carefully. This means that the high feedback gains and their adjustments as a function of the piston position have to be used. An excellent performance can be achieved by making first the basic design using a certain stroke, and after that designing the gain adjusting function. To achieve good results also in practical application the conditions assumed in the design phase have to be fulfilled in the real situation, too. The constant supply pressure has been typically assumed in the design phase. This study shows that good results can be achieved, if assumptions made in the design phase come true, Figures 2, 3 and 4. The fluctuation of the supply pressure has a quite strongly influence on the behaviour of the tightly tuned position servo system. It has no influence on the steady state position accuracy, but the actual settling time might be quite long. According to this study the best way to guarantee the designed performance of the fast long stroke pneumatic position servo systems is to use a relatively high volume between the pressure regulator valve and the servo valve.
CONCLUSIONS AND FURTHER STUDIES
This experimental study results the following conclusions:
A good relation between the performance of the designed system and the actual pneumatic position servo system can be achieved, if the actual conditions correspond as predicted. Figure A 1 The principal picture of the studied pneumatic cylinder drive
The studied system is depicted in Figure Al. The size of the volume in different studied cases was
The volume was 0.2 m3 in the nominal system. The volume was zero in the pressure regulator and fi lter system. The extra volume was 0.007 m3 in the third case The same pressure regulator and filter were used in every case.
